Several problems of interest in planetary infrared remote sensing are
Introduction
Hapke [this issue] (hereinafter refered to as paper 1) introduced a new model for thermal and radiative transfer in plan- Section 4 discusses the relation between the spectra of the refractive index and emissivity in a reststrahlen band.
The notation used in this paper is identical to that in paper L, and all the equations are taken exactly from that reference.
which should be consulted for notation and definitions.
The Solid-State Greenhouse Effect
An atmospheric greenhouse effect can occur on a planet whose atmosphere is transparent to visible light but which absorbs thermal IR radiation.
The energy of visible sunlight is absorbed at the ground level but is radiated back into space as Copyright 1996 by the American Geophysical Union. 
where/x o = cos i and i is angle of incidence.
In both (1) and (2) 
where all quantities are defined in paper 1.
For realistic optical properties of a strongly forward scattering, high-albedo material in the visible, the data for dry Antarctic snow measured by Schwerdtfeger and Weller [1977] will be used. They found that between the surface and a depth of 100 cm the mean size of the snow particles increased from about 0.2 mm at the surface to 1 mm at 50 cm. The intensity of visible 
Also, E r = E,, = 3qS/2d; it will be assumed that q5 = 0.30, but d will be allowed to vary, so that E_ = 0.450/d m '. When these values are inserted into (3), the temperature deep within the snow pack is found to be given by
where T._. = 113 K is the surface temperature and d is the particle size in meters. This expression may be readily solved for T(_). The result is plotted as the solid line in Figure  1 , which shows the rise in temperature AT = T(_) -T_. versus regolith particle size for 10 txm -< d -< 1 cm. For d of the order of a few tens of micrometers, similar to lunar regolith, A T 10 K. For d _ 1 mm, similar to the Antartic dry snow, AT 100 K. For d _ 1 cm, such as in a wet, terrestrial snowfall,
AT _ 120 K. The temperature rise saturates at AT _ 120 K for larger d. As d increases, the temperature increases, but the radiative conductivity also increases and limits the rise.
These are the greenhouse temperature rises on a nonrotat-,i )i ing body. However, real bodies rotate with respect to the Sun, so that the greenhouse rise in the deep interior is proportional to the value of the time-dependent visible irradiance averaged over time. To a first approximation, this radiance is proportional to cos i averaged over the period of rotation, (cos i) 1/Tr. Hence the temperature rise on a rotating body will be reduced by roughly a factor of 1/_r, which is indicated by the dashed line in Figure  1 . This temperature increase does not exceed 40 K.
Moreover, the low thermal inertias and inferred low thermal
conductivities [Brown and Matson, 1987] imply that the regolith particle sizes on the icy satellites are probably small, similar to lunar soil, so that the solid-state greenhouse effects that might be expected there are relatively modest, a few tens of degrees. 
where _t is the radius of the body, Apv is the visual physical 
_tl "IT so that at zero phase where/
Combining (5) and (7) gives PTp,_, = 2"n"_" f 'oSd(P')e,, [1 --Ah,,(p.)]_ 2 d'_.
If the surface were perfectly Lambertian, the following would be true: (1) ea(/Z ) is independent ofe and equal to Sh;
(2) Ahv(IZo) is independent of i and equal to Asv; (3) surface radiates according to Lambert's law, so that Tn(t%) = T4(i = 0)t_o. Then the integral in (7) and (8) To correct for non-Lambertian effects, equation (6) is modified by multiplying the left-hand side by an empirical thermal beaming parameter 71,while keeping Ca(It ) = eh andAh,,(tto) = Asv; thus (TO 4 rich -_-Te(Ixo) = J,Axo (1 -A,o) .
Then (7) and (8) become
and
Pr/eo = (2_-13)_,,(I -AsJ/rb4s,,.
A value is assumed for _v (often the lunar value), and, assuming rl is known, equation (11) can be solved for A,._ andAp,, = _oAso; then fit can be found from (5).
Requiring that (7) and (10) for Pr be equal gives the following expression for _:
The value of rl based on observations of the Moon and the Galilean satellites is rt -0.75 [Lebofsky et al., 1986] . In order to evaluate the contribution of the intrinsic non-Lambertian behavior of ed (bl, ) and Ahv(IJ, O) of a particulate medium, the Moon will be taken to be a representative body.
Equation (69) Irvine, 1973] , and the hemispherical emissivity e h = 0.89 . A value was assumed for/3v, and wv was found from A,_,,, following which Ah(/zo) was calculated. Similarly, a value was assumed for _r, WT was found from eh, and then ed(_) was calculated. [Spencer, 1990] .
IT(i, e)/was

Spectral Emissivity
The Research, 1995) , and Wald and Salisbury [1995] . A particular concern has been the effect of subsurface temperature gradients on the wavelength of the maxima.
Henderson and Jakosky [1994, also submitted manuscript, 1995] According to the Lorentz model, the complex dielectric constant (also called the dielectric function) in the vicinity of a strong absorption band is given by
where
nc is the continuum real part of the refractive index outside of the band and v is the frequency; the band is characterized by three parameters: the frequency of the band center vo, the plasma frequency vp, and the collision frequency _.
By definition, the dielectric constant is the square of the complex refractive index,
so that
which may be solved for n r and n i to give the Fresnel reflection coefficients [Born and Wolf, 1980] ,
In (15) the contributions of different phenomena to particle scattering are explicitly separated.
The first term of (15) describes radiation that has been reflected by the surface of the particle, while the second term describes light that has been refracted into the particle and partially absorbed there or scattered back out from within its volume. All orders of internal scattering are included. Although transparent spherical particles are strongly forward scattering, highly absorbing ones are not. Furthermore, [1995] have shown that any departures from a perfect sphere, such as irregular shape or surface roughness causes the particle phase function to be more isotropic. Hence, for simplicity, it will be assumed that the particles scatter isotropically in both the visible and IR, so that the particle phase function Px(9) = 1. Since the particles are large compared to the wavelength, the extinction coefficient Ea will not vary appreciably in the thermal IR so that % = _'T-Then for isotropic particles the thermal radiance emerging from the surface of the medium at wavelength h and angle e is [Hapke, 1993] f, I 1
McGuire and Hapke
IA(_) = W_PA('CT) + 7_2_Ua(T) e "J_ d'rr/_,(19)
71"
where qoa(ZT) is the average isotropic spectral radiance per unit wavelength interval, : ,/1 - The wavelength-dependent boundary layer approximation for the radiance is given by equation (75) of paper 1, which for isotropic scatterers (_ = 1) is
T* (r'r) is given by equation (60) of paper 1, which describes the temperature regime in a medium in radiative equilibrium with sunlight, and
where T* is given by equations (61) and (56) Figures 3a and 3b , respectively, and the single scattering albedo is shown in Figure 4 . Figure  4 . Single scattering albedo spectrum of a spherical particle with d = 10Ao and the refractive index shown in Figure 3b . Solid line is single scattering albedo; dashed line is contribution of the surface-reflected component, S_. TRANSFER  MODEL APPLICATIONS  16,839 hence, if n,. << 1, Se is close to 1, w_, has a maximum, and edx(tx) has a minimum. Second, the short-wavelength maximum in apparent emissivity is close to, but not exactly at, the Christiansen wavelengtla )tc, which, by definition, occurs where n,. = 1.00. This is clearly seen in Figure  6 , in which the continuum refractive index n c is varied in order to change '_c. When n c is large, the emissivity maximum is very close to X c. However, as n c decreases, Xc is increasingly displaced toward shorter wavelengths away from the emissivity maximum. The traditional argument [Conel, 1969; Salisbury, 1993] [Salisbury, 1993; Hapke, 1993] . It occurs even in the absence of a second absorption band. The wavelength at which the transparency maximum occurs is much less sensitive to n c than the Christiansen maximum. Note that its shape is virtually identical to those of the other curves in Figure 5 . Hence, except in the unusual circumstance that absolute emissivity is required, the approximate expressions (26) or (27) may be reliably used to infer or calculate the IR parameters of the medium. 
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Conclusions
